Nowadays irrigation district managers require several tools to assess irrigation networks' performance such as hydraulic models, geographic information systems (GIS) or decision support systems (DSS) which are available but as independent elements. Thus, simplifying the use of these tools by means of applications that integrate all these components would be helpful for irrigation district managers. In this paper, a computer tool combining a GIS, a hydraulic model and performance indicators (PIs) has been developed creating a database to deal with most information required in an irritation district. MapObjects Java Edition was used for the GIS integration and EPANET calculation module for the hydraulic modeling. This tool enables the study of the network performance, taking into account real measures (data from the remote control system) and simulated measures (obtained when running the hydraulic model) which are stored in a database and used to calculate different indicators that can be represented in the GIS. The PIs calculated with this tool give important information regarding the network response to different conditions, malfunction problems and failures in supply. Therefore, this tool is also useful to study the effects of improvements and the quality of service provided to farmers. 
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INTRODUCTION
The performance of pressurized irrigation networks is subject to variable operating conditions which are unpredictable. Therefore, it is very important to know the network response to these uncertain determining factors either in the designing, planning or operation stages (Lamaddalena & Khadra ) . Then, an evaluation of irrigation distribution systems is necessary to improve and modernize networks (Lamaddalena & Pereira a) . Neri () established that the global performance of an irrigation system comes from its response to farmers' requirements, considering the limits imposed by policies and the resource's availability. Molden & Gates () described irrigation service in terms of adequacy, reliability and equity. So, when designing or managing an irrigation system, the main constraint is that the required flows should be supplied to water users adequately (Farmani et al. ) . Therefore, adequacy measures how farmers' needs are satisfied. Reliability deals with the number of failures in the distribution system. A good service also entails an equitable distribution of water to ensure that all the farmers receive their full water allocation with the required pressure. This function is very useful in order to detect water losses or drops in pressure due to operative problems or poor network maintenance as a complete assessment of the overall network performance is carried out.
Software development
The Java programming language has been selected for the development of this computer tool due to its versatile archi- 
Hydraulic simulation model (HSM)
One of the most widespread HSMs is EPANET, which is a public domain software developed by EPA's Water Supply and Water Resources Division that models water distribution piping systems and performs extended-period simulation of the hydraulic and water quality behavior within pressurized pipe networks (Rossman ).
EPANET has been mostly used to model urban distribution networks (Ostfeld et al. ) but there are some applications for the management of irrigation networks (González et al. ) . The use of the EPANET model, which is based on a demand-driven analysis approach, has some limitations as they are incapable of simulating pressure-deficient conditions properly (Tanyimboh et al. ) . Under these conditions, the demand-driven analysis will compute heads below the minimum required for outflow to occur physically at some nodes (Ang & Jowitt ) . Therefore, in some cases, a pressure-driven analysis is necessary to obtain a better estimate of flow through the network and to ascertain the consequences of pipe failures or water loss via leakage (Giustolisi et al. a) . Problems with network connectivity may appear using EPANET in some situations such as reliability assessment analysis which requires closing system pipes (Giustolisi et al. b) . These described limitations should be taken into account when using the INM for certain analysis.
EPANET's computational engine has been integrated into the INM using its dynamic link library (DLL) functions available in the EPANET Programmer's Toolkit.
Geographic information system (GIS)
The GIS is used for visualizing data as a framework for analysis and modeling operations (Santé-Riveira et al.
). The functionality of the map controls within the GIS component was implemented in this case with Map
Objects Java Edition (ESRI ). It provides a robust, Java-based API to perform a wide variety of geographicbased display, query and data retrieval activities directly embedded in the application (it is not necessary to have any GIS software installed on the computer).
Performance indicators (PIs)
There is 
where VAP is the value of agricultural production (€) and A f is the area of the field supplied (ha). It is measured in 
where VAP is value of agricultural production (€) and V ws is the volume of water supplied (m 3 ). It is measured in €/m 3 .
• Water delivery per irrigated area (WDIA) (Yildirim et al.
):
where V ws is the volume of water supplied (m 3 ) and A f is the area the field supplied (ha). It is measured in m 3 /ha.
• Flow adequacy (FA):
where Q a is the allocated flow to the field studied (m 3 /h), t i is the irrigation time or duration (h), Ef is the irrigation efficiency, ET c is the crop evapotranspiration (mm), R ef is the effective rainfall (mm) and A f is the area of the field (ha). The desired value is 1. Higher values mean that the outlet is oversized and, if lower, the maximum flow supplied will not be enough for crop requirements.
• Pressure equity (PE). This QSI studies how pressure is distributed in the network using Interquartile ratio (Abernethy ; Bhutta & Van der Velde ; Bos et al. ):
where P pq is the average pressure in the poorest quartile and P bq is the average pressure in the best quartile, taking into account all the network's checkpoints.
• Outlet operation ratio (OR) (Pérez Urrestarazu ;
Pérez Urrestarazu et al. ):
where Nd o is the number of days in which the outlet has worked and Nd is the number of days in the period that water has been available to farmers.
• Real/assigned pressure ratio (P r/a ) and real/simulated pressure ratio (P r/s ) (Pérez Urrestarazu ; Pérez Urrestarazu et al. ):
where P is the real pressure measured in the checkpoint, P a is the design pressure and P s is the simulated pressure in that point.
• Real/assigned flow ratio (F r/a ) and real/simulated flow ratio (F r/s ):
where F is the real flow measured in the outlet, F a is the allocated flow and F s is the simulated flow. It has also been defined as Delivery Performance Ratio (DPR) (Mondal & Saleh ).
• Reliability. A system is reliable if it works properly, following the settled parameters and giving the desired service. Therefore, it can be defined as the probability of no occurrence of failures (Renault & Vehmeyer ) . It can be referred to pressure at checkpoints (PR c ), pressure in the whole network (PR n ) and water supply (SR):
where Nd is the number of days in the period with the system working and Nd p is the number of days with a pressure below required at the checkpoint:
where nO n is the number of outlets of the network and nO p is the number of outlets with a daily average pressure below required:
where D s is the total duration of the service and D i is the duration of interruptions in supply (hours or days).
• Distribution efficiency (DE) (Pérez Urrestarazu ;
where V out is the cumulative volume discharged in the outlets of each field (m 3 ) and V in is the cumulative volume entering the network system (m 3 ).
• Area supplied per outlet (AS) (Pérez Urrestarazu ;
where A f is the area of each field supplied (ha), nO is the number of outlets in each field; nFS is the number of fields supplied and i is the number of the field considered.
It is measured in ha/outlet.
• Network coverage (NC) (Pérez Urrestarazu ; Pérez Urrestarazu et al. ):
where L is the length of each pipe composing the network (m) and A f is the area of each field supplied by the network (ha). It is measured in m/ha.
Database architecture
The database includes all the necessary information to run the model and calculate the indicators. In order to obtain the data in the proper format, a template has been created in Excel format which is included in the program folder in the set-up process.
SYSTEM DESCRIPTION
The tool presented combines a hydraulic model, a GIS and a PI calculation module in a friendly user interface: the INM.
The application can work on its own (the user is requested to introduce the information manually or use an MS Excel file) or link to a general database from the remote control system which provides the application with real-time data.
The INM will be freely available for any user and, as it comes with its own installation package, it will not require any other program installed in the computer. the user will be able to compare the real situation against the theoretical one or study the difference in network performance when actual conditions are modified. As an example, the user could know the network response to variations in water requirements because of changes in the cropping pattern, irrigation system or even due to climate change (Pérez 
CASE STUDY
An application of the INM in the Palos de la Frontera irrigation district is presented as an example case study. This irrigation district is located in Huelva (southern Spain) and it has 3,343 ha with 826 fields devoted predominantly to strawberry production. The water is supplied by a pressurized network designed to irrigate on demand and divided into three sectors in order to irrigate each field separately.
In recent years, the distribution system was upgraded, 
